The main aim of this paper is to determine the ranks and subdegrees of the symmetric group S n acting on X (4) , the set of all unordered quadruples from the set X = {1, 2, · · · , 7}. We show that S n acts transitively on X (4) . We also compute the ranks and subdegrees corresponding to these actions. We have shown that the rank of S n , n ≤ 7 acting on X (4) is at most 4 .
introduction
In 1970, Higman [3] calculated the rank and the subdegrees of the symmetric group S n acting on 2-element subsets from the set X = {1, 2, · · · , 7}. He showed that the rank is 3 and the subdegrees are 1,2(n-2), n−2 2
. In 1990, Faradzev and Ivanov [2] calculated the subdegrees of primitive permutation representations of P SL (2, q) . They showed that if P SL (2, q) acts on the cosets of its maximal subgroup H, then the rank is at least |G|/|H|2 and if q > 100, the rank is more than 5. Kamuti [4] computed the subdegrees of primitive permutation representations of P GL (2, q) . He showed that when P GL (2, q) acts on the cosets of its maximal dihedral subgroup of order 2(q − 1), then its rank is 1 2 (q + 3) if q is odd, and 1 2 (q + 2) if q is even. In this paper we investigate the action of the symmetric group S n , n ≤ 7 on X (4) . In Chapter 1 and 2, we give background information and results to be used throughout the paper. In Chapter 3, we give the main results of the ranks and subdegrees of the symmetric group S n , n ≤ 7 acting on unordered quadruples.
preliminary definitions and results
Definition 2.1. Let X be a set and G be a group. We say that G acts on a set X on the left if g ∈ G and x ∈ X, there exists a unique gx ∈ X such that x ∈ X and g 1 , g 2 ∈ G, g 1 g 2 (x) = g 1 (g 2 x) and 1x = x, where 1 denotes the identity in G. The action of G on X from the right can be defined in a similar way.
Definition 2.2.
Let G act on a set X. Then X is partitioned into disjoint equivalence classes called orbits or transitivity classes of the action. For each x ∈ X the orbit containing x is denoted by Orb G (x). Definition 2.3. Let G act on a set X and let x ∈ X. The stabilizer of x ∈ G, denoted by Stab G (x), is the set of all elements in G which fix x i.e. Stab G (x) = {g ∈ G|gx = x}.
Definition 2.4.
A group G acts transitively on X if for every pair of points x, y ∈ X, there exists g ∈ G such that gx = y. Let G act on a set X. G is said to act doubly transitively on X if for every two ordered pairs (x 1 , x 2 ) and (y 1 , y 2 ) of distinct elements in X, there exists g ∈ G such that gx 1 = y 1 and gx 2 = y 2 . Definition 2.5. Let G act on a set X. The set of elements of X fixed by g ∈ G is called the fixed point set of g, denoted by
Definition 2.6. Let G be a transitive group acting on a set X. A proper subset Y of X with at least two elements is called a domain (or a block) of imprimitivity of G if, for each permutation g ∈ G, either gY = Y or Y ∩ gY = ∅ If G has a domain of imprimitivity, it is said to act imprimitively on X. Otherwise, it is said to act primitively on X. Definition 2.7. If a finite group G acts on a set X with n elements, each g ∈ G corresponds to a permutation σ of X, which can be written uniquely as a product of disjoint cycles. If σ has α 1 cycles of length 1, α 2 cycles of length 2,· · · , α n cycles of length n, we say that σ and hence g has cycle type
The following are well-known results that we will require in this paper. 
3. ranks and subdegrees of the symmetric group S n , n ≤ 7 acting on unordered quadruples
Let G = S n , n ≤ 7 and {1, 2, 3, 4} ∈ X (4) . Further, let g ∈ G have cycle type (α 1 , α 2 , · · · , α n ). Then the number of elements in X (4) fixed by each g ∈ G is given by Lemma 2.9. The number of permutations in G {1,2,3,4} that fix {1, 2, 3, 4} ∈ X (4) and having the same cycle type as g is given by Lemma 2.10. To get the rank of G, we apply Cauchy-Frobenius Lemma(9).
Theorem 3.1. The rank of
Proof. We use Lemma 2.9 and 2.10 to get 
